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ABSTRACT: Recent studies suggest that inhaled corticosteroids can adversely
affect bone metabolism. The objective of this study was to evaluate the importance
of these adverse effects in a case-control study.

Bone mineral density (BMD) was measured in 48 asthmatic adults (15 males
and 33 females) treated with inhaled steroids (beclomethasone or budesonide) and
in 48 gender and age-matched healthy subjects at baseline and at 2 yrs. Vertebral
BMD was measured by dual energy X-ray densitometry.

Patients had been treated with a dose of 662±278 µg (range 300–1,000 µg) of
beclomethasone dipropionate or budesonide for more than 1 yr (mean duration of
treatment 10.6 yrs, range 1–16 yrs). Twenty four patients had needed 1–6 short
courses of oral steroids and seven had received oral corticosteroids (mean daily
dose 6.2 mg prednisone) for 2–15 yrs more than 4 yrs prior to the BMD mea-
surements. During the follow-up, 14 patients required 1–3 short courses of oral
steroids. There was no correlation either between inhaled corticosteroid doses or
duration of treatment and BMD values. There were no significant differences in
BMD baseline values between patients and healthy controls. BMD significantly
decreased in both groups at 2 yrs, from 1.08±0.19 to 1.05±0.19 g·cm-2 (p=0.002) in
asthmatics versus 1.12±0.17 to 1.09±0.18 g·cm-2 (p=0.008) in controls. There were
no significant differences in BMD loss between patients and healthy controls.
Furthermore, no differences were found in bone loss when pre- and postmenopausal
women were compared with their healthy control counterparts. No differences in
baseline BMD were found between patients who had received regular oral corti-
costeroid therapy or booster courses of oral corticosteroids and those who had not. 

Inhaled corticosteroid treatment at a mean dose of 662 µg·day-1 and sporadic
booster courses of oral corticosteroids do not further increase bone mass loss with
respect to that expected from natural bone mass loss.
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Early introduction of inhaled corticosteroids in the
treatment of asthma is advocated by all recently pub-
lished guidelines on asthma treatment [1, 2]. These rec-
ommendations are based both on the efficacy and lack
of systemic side-effects of inhaled corticosteroids.

The potential side-effects of inhaled corticosteroid
were initially evaluated by assessing their effect on the
hypothalamic-pituitary adrenal axis. In these early stud-
ies, inhaled corticosteroids proved to be safe as far as
the suppressive effects on the suprarenal function are
concerned, even when administered at high doses [3].
The evaluation of adrenal function was made by using
plasma cortisol levels, a method with a poor sensitivity.
With more sensitive tests, however, the suppressive
effects of relatively modest doses of inhaled corticos-
teroid therapy have been detected [4, 5].

Recent studies have also shown that inhaled cortico-
steroids may have adverse effects on bone metabolism.
Two surveys of chronically steroid-dependent asthmat-
ics detected a significant reduction in bone mass in pati-
ents treated with inhaled corticosteroids [6, 7]. Metabolic

studies have reported significantly suppressed production
of osteocalcin in healthy subjects [8–10] and in asthma-
tics [11, 12]. Another parameter of bone metabolism
reported to be abnormal in patients treated with inhaled
corticosteroids includes serum carboxypropeptide of type
I procollagen [11], serum alkaline phosphatase [8], and
urinary hydroxyproline [8]. These results were report-
ed in subjects receiving doses of inhaled corticosteroids
ranging 800–2,000 µg·day-1. In contrast with these stud-
ies, other surveys have failed to demonstrate any det-
rimental effect of inhaled corticosteroids on bone mass
[13, 14], or parameters of bone metabolism, such as
osteocalcin, procollagen and collagen degradation prod-
ucts, in patients receiving ≤800 µg·day-1 [15, 16].

Most of the studies carried out with inhaled glucocor-
ticoids are short-term or retrospective and, thus, no firm
conclusions could be obtained about the actual risk of
prolonged inhaled corticosteroid therapy in asthma. Pro-
spective and comparative studies with a control population
are needed in order to clarify the role of inhaled corti-
costeroids on bone metabolism.
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Subjects and methods

Subjects

We studied 48 consecutive asthmatic patients (33
females and 15 males), who agreed to take part in the
study according to the inclusion criteria. They were tak-
ing inhaled corticosteroids at a mean daily dose of 662±
278 µg (range 300–1,000 µg of beclomethasone dipro-
pionate or budesonide) for more than 1 yr (mean dura-
tion of treatment 10.6 yrs, range 1–16 yrs). Although
some patients had received only beclomethasone dipro-
pionate, most of them had used both beclomethasone
dipropionate and budesonide at the time the bone min-
eral density was measured. No attempt was made to
compare the effects of both inhaled corticosteroids. Pa-
tients were also treated with short- (salbutamol and ter-
butaline) or long-lasting beta-agonists (salmeterol) by
inhalation on an as-needed or regular basis. Twenty four
patients had needed short courses of oral corticosteroids
(13 received 4–6 short courses and 11 needed 1–3). Ten
patients, all female, had received regular oral corticos-
teroids for periods ranging 2–11 yrs at a mean daily
dose of 6.2±1.2 mg prednisone. These patients had dis-
continued regular oral corticosteroid therapy when inhaled
corticosteroid therapy was initiated ≥4 yrs prior to their
inclusion in the present study. 

During the follow-up period of 2 yrs, all patients used
a spacer device attached to their inhaler. The patients
were asked to maintain the same dose of inhaled cortico-
steroids over the 2 yr follow-up. Patients were monitor-
ed to ensure that the inhalation procedure was performed
correctly. During the follow-up period, two patients
required three short courses of oral corticosteroids, two
required two, 10 patients received one, and 31 patients
required none. Short courses were usually started with
30 mg of prednisone for 3 days, followed by a pro-
gressive reduction of 5 mg every 2 days. Data on oral
and inhaled corticosteroid usage was collected by review-
ing the clinical records of the two physicians respon-
sible for the care of patients throughout the entire period
of inhaled corticosteroid treatment. All patients were
fully ambulatory and able to perform their jobs, and none
were engaged in vigorous exercise programmes.

The control group was composed of 48 healthy sub-
jects randomly selected from our computerized data
bank, consisting of 547 females and 328 males. The 48
subjects selected were matched for age, gender and pre-
or postmenopausal stage with the patients. Subjects en-
gaged in vigorous exercise programmes were excluded.

All the subjects included in the study were nonsmokers.
None of the subjects had clinical symptoms or signs
suggesting they had a disease that might be responsible
for osteoporosis. None of the subjects had taken med-
ications known to cause alterations in bone mineral den-
sity, such as vitamin D, calcitonin, diuretics, oestrogens,
androgens and anticonvulsants.

The study comprises a cross-sectional survey both of
patients and controls and a follow-up of 2 yrs.

The study was approved by the Ethics Committee of
our institution and all subjects gave written informed
consent to participate.

Bone mineral density 

Bone mineral density (BMD) of the lumbar spine was
measured by dual energy X-ray densitometry. BMD val-
ues were obtained from the lumbar vertebrae, L2, L3
and L4, and expressed in terms of g·cm-2. In all sub-
jects, BMD measurements were taken twice, at baseline
and at 2 yrs. The change in bone density was calculated
for each subject by subtracting the baseline measure-
ment from the 2 yr measurement. Since the detection
of changes in BMD values at 1 yr are usually minor
and within the technical variation of the procedure, it
was decided not to take this measurement in order to
reduce unnecessary radiation.

Statistical analysis

Differences between BMD values and those record-
ed at the end of the 2 yr follow-up period were analysed
with the two-tailed t-test for paired variables. Differences
in BMD values between patients and their healthy con-
trol group counterparts were assessed using the two-
tailed t-test for unpaired variables. The relationship
between BMD and corticosteroid treatment was evalu-
ated by using Pearson's correlation. A probability value
of 0.05 was considered significant. Results are present-
ed as mean±SD.

Results

The characteristics of the patient and control subject
groups are depicted in table 1. Height and weight were
not different in patients and healthy subjects. Baseline
BMD values and changes at 2 yrs are presented in table
2. There was no significant difference in basal BMD
values between patients (1.08±0.19 g·cm-2) and healthy
controls (1.12±0.17 g·cm-2). No differences were detected
in baseline BMD values when male and female patients
were separately compared with their control counter-
parts. 

BMD significantly decreased both in asthmatics (p=
0.002) and controls (p=0.008) at 2 yrs. However, there
were no significant differences in BMD loss between
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Table 1.  –  Demographic data of the study population

Study Control 
group group

Subjects  n 48 48
Age  yrs 56±11 55±12
Sex  M/F 15/33 15/33
Pre/postmenopausal  ratio 11/22 11/22
Weight  kg 64±10 64±10
Height  cm 160±7 160±8
Inhaled steroid dosage  µg·day-1 662±278 -
Duration of steroid treatment  yrs 10.6±12.9 -
FEV1 % pred 70±18 -
FVC  % pred 85±14 -
Baseline BMD g·cm-1 1.08±0.19 1.12±0.17

Data are presented as absolute value or mean±SD. M: male;
F: female; FEV1: forced expiratory volume in one second;
FVC: forced vital capacity; % pred: percentage of predicted
value; BMD: bone mineral density. 
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patients and healthy subjects. Changes in BMD were
examined separately in males and females. Neither asth-
matic noncontrol males showed a significant loss of
bone mass.  Both female asthmatics (p=0.002) and female
controls (p=0.013) showed a significant loss of bone mass.
No significant differences in the magnitude of bone loss
were detected between pre- and postmenopausal pati-
ents compared with their healthy control counterparts.
No correlation was found between inhaled corticosteroid
doses or the duration of treatment and BMD values. No
differences in the rate of bone loss were found between
patients who had received booster courses of oral cor-
ticosteroids and those not treated with this therapy.
Furthermore, there were no differences found in base-
line BMD between the female patients who had received
regular oral corticosteroid therapy (n=10; 1.049±0.119
g·cm-2) and those who had not (n=23; 1.052±0.23 g·cm-2).

Discussion

Our results from a cross-sectional study show that
patients with asthma treated with a mean daily dose of
662±278 µg of inhaled corticosteroids for a mean of
10.6 yrs have a bone density similar to that of healthy
subjects. A prospective study of two additional years
also showed that inhaled corticosteroids do not incre-
ase the rate of naturally occurring bone loss in healthy
people. No deleterious effects of short courses of oral
corticosteroids on BMD were seen either in the cross-
sectional study or the follow-up. 

Our results are at variance with two cross-sectional
surveys of asthmatic adults receiving inhaled corticos-
teroid therapy. Both studies reported a reduction in bone
mass in comparison with untreated subjects [6, 7]. These
differences may be due to differences in methods and
patients, since REID et al. [6] measured calcium content
of the whole body, whilst we measured BMD at the spine.
Our patients had been treated with a dose of inhaled
corticosteroids ranging 300–1,000 µg·day-1, which was
much lower than the dose used in the study by PACKE

et al. [7] (ranging 1,000–2,000 µg·day-1). Surprisingly,
in the cross-sectional study by PACKE et al. [7], 1,000–2,000
µg·day-1 of inhaled corticosteroids given for a relative-
ly short period of time (median duration 3 yrs, range 1–7
yrs) apparently exerted the same effect as 7 mg·day-1 of
prednisolone plus a high dose of inhaled corticosteroids
(the dose of inhaled steroids in these groups was not
given). It should be noted that in the study by PACKE et
al. [7] the patients were not adequately matched for gen-
der because the proportion of males was much higher
in the inhaled group (55%) and the oral corticosteroid

group (60%) than in the con-
trol group (39%). Neither
were the three groups match-
ed for anthropometric fac-
tors associated with BMD,
such as weight and height
[17].

The major criticism of
these two studies is the pos-
sible effect of past courses
of systemic corticosteroids
on BMD measurements.

However, we could not detect any deleterious effect of
this therapy in our patients. Although short courses of
corticosteroids increase bone resorption and inhibit bone
formation as measured by biochemical markers [18], it
is interesting to note that there are no studies demon-
strating that this therapy may either increase the rate of
bone loss or cause permanent damage to bone architec-
ture. In fact, limited data show that even very large repet-
itive doses of methylprednisolone given intravenously in
patients with rheumatoid arthritis or multiple sclerosis
do not cause bone loss [19, 20]. These findings suggest
that, in order to produce bone loss, corticosteroids have
to be administered continuously, and that not only is the
cumulative dose of corticosteroids important, but also
the mode of administration.

We found no significant effect of past oral corticos-
teroid therapy on BMD in 10 female patients. This was
probably due to the fact that our patients had been treat-
ed with low doses of oral corticosteroids and also be-
cause steroid-induced bone loss is potentially reversible
[21, 22]. Various studies have shown that dosage deter-
mines the presence or absence of deleterious effects of
oral corticosteroid therapy on bones. Prednisone doses
of ≤7.5 mg·day-1 do not appear to cause significant bone
loss in rheumatoid arthritis [23, 24] and systemic lupus
erythematosus [25]. Other studies, however, have found
significant bone loss in the initial months of prednisone
therapy in rheumatoid arthritis using a mean daily dose
of 7.5 mg of prednisone [26]. The possible reversibility
of steroid-induced osteoporosis is supported by the rapid
rise of mineral density that follows discontinuation of
endogenous [20] or exogenous [22, 26] glucocorticoid
excess. Bone mineral probably increases even after dis-
continuation or reduction of oral corticosteroids in pa-
tients receiving high doses of inhaled corticosteroids.
TOOGOOD et al. [27] have recently reported that, in pati-
ents receiving regular oral corticosteroid therapy, BMD
improved among those receiving high doses of inhaled
corticosteroid. These findings probably reflect the resti-
tution of previously osteopenic bone consequent to the
withdrawal of prednisone after commencement of inhal-
ed corticosteroid treatment [27].

In agreement with our results, BOULET et al. [13] and
BARALDI et al. [14] have reported that doses ranging
from 400 to >800 µg·day-1 of inhaled steroids do not
affect BMD in asthmatic adults [13] and children [14].
Both studies were prospective and compared patients on
inhaled steroids with a control population of patients
not taking inhaled corticosteroids [13] or taking very
low doses [14]. In the study by BARALDI et al. [14], how-
ever, the population was composed of children, as com-
pared to our adult population, the number of patients
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Table 2.  –  Baseline bone mineral density and changes at 2 yrs

Bone mineral density  g·cm-2

Study group Control group

Baseline 2 yrs p-value Baseline 2 yrs p-value

All subjects 1.08±0.19 1.05±0.19 0.002 1.12±0.17 1.09±0.18 0.008
Male 1.15±0.12 1.14±0.12 NS 1.16±0.20 1.15±0.20 NS

Female 1.05±0.20 1.02±0.19 0.002 1.10±0.16 1.07±0.16 0.013
Premenopausal 1.19±0.13 1.15±0.12 NS 1.16±0.08 1.12±0.12 NS

Postmenopausal 0.98±0.20 0.95±0.20 0.008 1.07±0.18 1.04±0.17 0.02

Data are presented and mean±SD. NS: nonsignificant.



was very low and the follow-up lasted for only 6 months.
Like us, BOULET et al. [13] found no correlation between
the duration or dose of corticosteroids used and bone
density, even with doses higher than 800 µg. The lack
of effect of inhaled glucocorticoids on BMD contrasts
with the demonstrated effect of this therapy on differ-
ent parameters of bone metabolism in short-term stud-
ies in adults [8–12]. It should be noted, however, that
in these studies the mean doses of inhaled corticosteroid
were higher than the mean dose administered to our
patients. Moreover, long-term studies found no evidence
of detrimental effects of inhaled corticosteroids on sev-
eral parameters of bone metabolism (osteocalcin, pro-
collagen and collagen degradation products) [15, 16].

Taken together, these results suggest that the poten-
tial deleterious effects of inhaled corticosteroids observed
in short-term studies, and in those used at high doses,
cannot be extrapolated to prolonged treatment with the
same drugs with doses below 1,000 µg·day-1. Because
most patients suffering from persistent asthma can usu-
ally be controlled with ≤1,000 µg·day-1 of inhaled corti-
costeroids, the lack of demonstrable effects of long term
use of corticosteroids on bone mineral density is reas-
suring and suggests that at these doses the undesirable
effects of inhaled corticosteroids on bone metabolism
are nil or insignificant. Our results also suggest that
occasional booster courses of oral corticosteroids do not
further increase bone mass loss with respect to what is
expected from natural bone mass loss.
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